Abstract The purpose of this article is to highlight problems with a range of semantic psycholinguistic variables (concreteness, imageability, individual modality norms, and emotional valence) and to provide a way of avoiding these problems. Focusing on concreteness, I show that for a large class of words in the Brysbaert, Warriner, and Kuperman (Behavior Research Methods 46: 904-911, 2013) concreteness norms, the mean concreteness values do not reflect the judgments that actual participants made. This problem applies to nearly every word in the middle of the concreteness scale. Using list memory experiments as a case study, I show that many of the Babstract^stimuli in concreteness experiments are not unequivocally abstract. Instead, they are simply those words about which participants tend to disagree. I report three replications of list memory experiments in which the contrast between concrete and abstract stimuli was maximized, so that the mean concreteness values were accurate reflections of participants' judgments. The first two experiments did not produce a concreteness effect. After I introduced an additional control, the third experiment did produce a concreteness effect. The article closes with a discussion of the implications of these results, as well as a consideration of variables other than concreteness. The sensorimotor experience variables (imageability and individual modality norms) show the same distribution as concreteness. The distribution of emotional valence scores is healthier, but variability in ratings takes on a special significance for this measure because of how the scale is constructed. I recommend that researchers using these variables keep the standard deviations of the ratings of their stimuli as low as possible.
Word concreteness has become one of the most studied variables in the psycholinguistic literature. Since Paivio, Yuille, and Madigan (1968) published one of the first large-scale databases of word concreteness norms, Bconcreteness effectsĥ ave emerged in a variety of investigations of various cognitive processes, and a range of theories have been proposed in an attempt to explain these effects. Independent teams of researchers operating over a period of decades have repeatedly shown that concrete words show a processing advantage over abstract words in certain experimental paradigms. For example, concrete words are easier to remember than abstract words (Allen & Hulme, 2006; Miller & Roodenrys, 2009; Romani, McAlpine, & Martin, 2008; Walker & Hulme, 1999) , are easier to make associations with (de Groot, 1989) , and are more easily and more thoroughly defined in dictionary definition tasks (Sadoski, Kealy, Goetz, & Paivio, 1997) . Historically, it was claimed that concrete words are responded to more quickly than abstract words in lexical decision tasks (Bleasdale, 1987; James, 1975; Kroll & Merves, 1985) , although more recent experiments have shown no difference (Brysbaert, Stevens, Mandera, & Keuleers, 2016) , or even that abstract words might have an advantage after various other variables have been accounted for (Kousta, Vigliocco, Vinson, Andrews, & Del Campo, 2011) . However, even an abstractness advantage in lexical decision points to the utility of word concreteness as a psycholinguistic variable.
Brain-imaging techniques have also been employed to determine whether the neural systems underpinning concrete words and abstract words are distinct (Binder, Westbury, McKiernan, Possing, & Medler, 2005; Dhond, Witzel, Dale, & Halgren, 2007; Kounios & Holcomb, 1994; Pexman, Hargreaves, Edwards, Henry, & Goodyear, 2007; Sabsevitz, Medler, Seidenberg, & Binder, 2005) . The general consensus from these brain-imaging studies is that there is evidence of a neuroanatomical difference in the processing of concrete versus abstract words.
Psychologists are clearly heavily invested in the investigation of word concreteness, and for good reasons. If there are properties that define a cognitively relevant ontology of concepts, concreteness seems like a good candidate: Something about what constitutes the concept of Belephants^(highly concrete) is probably different from what constitutes the concept of Bparadoxes^(highly abstract). However, in this article I will highlight a problem with the concreteness measure, based on a simple statistical summary of the Brysbaert, Warriner, and Kuperman (2013) concreteness norms. I report three replication experiments that together suggest that this problem is not fatal to concreteness research, but also that it should be acknowledged when researchers design their stimuli. I also show that the same problem applies to other variables in semantic databases, such as imageability (Cortese & Fugett, 2004; Schock, Cortese, & Khanna, 2012) and individual modality norms (Lynott & Connell, 2012) .
Word concreteness
A word's concreteness rating is derived by asking a group of participants to rate that word for concreteness on a Likert scale. A low score indicates that a word is highly Babstract,ŵ hereas a high rating indicates that a word is highly Bconcrete.^The mean value of all participants' ratings is taken to be an approximation of a word's position on an abstract-concrete continuum. I will now develop some theoretical concerns about the validity of traditional concreteness norms before turning to a statistical analysis of the Brysbaert et al. (2013) database. Consider the job a participant is being asked to do when she is told to rate a word between, say, 1 and 5 on a scale of concreteness. She is told that Bconcrete words are experienced by the senses,^whereas abstract words are not (Paivio et al., 1968) . For some words, the interpretation of traditional concreteness norming instructions is relatively straightforward. A participant who is presented with the word Bapple^is likely to have seen, touched, smelled, and tasted apples throughout the course of their life, and will unproblematically assign Bapple^a high concreteness rating. Similarly, a participant that is presented with the word Bserendipity^is likely to reason that since serendipity is a loose association between some coincidental, nonspecified events, and is not something that affords direct sensory experience, the word Bserendipity^should be assigned a low concreteness rating. However, what are the properties that a word/concept should have in order for it to be assigned a mid-scale rating? It is difficult to formulate a coherent approach to this task: Can an entity or idea be Bhalf-seen^or Bhalf-touched^? What does it mean to have intermediate sensory experience of an entity or idea? That is to ask: What is a participant telling us about a word when they rate it a 3 out of 5? They could mean any one of the following:
1. Adding up all of my sensory experience of this object across all five of the sensory modalities, I realize that I have seen and heard it, but never touched, smelled, or tasted it. So I suppose I'll rate it a 3. 2. One interpretation of this word brings to mind something that cannot be directly experienced, whereas a different interpretation of this word brings to mind something that can be directly experienced. So I suppose I'll rate it a 3. 3. Sometimes I associate sensory experience with this word, but sometimes I don't. So I suppose I'll rate it a 3.
It is certainly possible to imagine more potential approaches, and there is no empirical basis for selecting one of these approaches over another. Furthermore, it is likely that different participants will generate different interpretations for many of the words in any list of words to be normed. When a participant sees the letter string < deed > presented in isolation, there is no way that a researcher can control for the fact that half of the participants may interpret < deed > as referring to a document associated with proof of property ownership (high concreteness value?), and the other half may interpret it as referring to some unspecified action, perhaps involving some element of heroism (low concreteness value?). Consequently, for a number of words it is just not clear what word/concept the mean concreteness rating is supposed to reflect.
This point on its own might be enough to motivate the avoidance of words with a mean value in the middle of a concreteness-abstractness scale. Given that it is not clear what it is that participants are even telling us when they rate a word a 3, we might also wonder how often participants actually use values from the middle of the concreteness scale when making their judgments. Recently, Brysbaert et al. (2013) provided a concreteness norm database of 40,000 English words, which dwarfs the previously popular MRC database used in most studies (Coltheart, 1981) . This new, larger database allows a statistical analysis of the distributions of concreteness norms across a much larger section of the English lexicon. I now present this analysis and use it to develop the concerns raised in this section. Brysbaert et al. (2013) concreteness norms Brysbaert et al. (2013) collected a new set of concreteness norms for 40,000 English words. Groups of approximately 25 participants rated subsets of the whole list of 40,000 words on a concreteness scale of 1 (very abstract) to 5 (very concrete). The participants (n = 4,237) came from a range of ages, with approximately one third between 17 and 25 years old, and two thirds between 26 and 65. The mean value of a group of participants' judgments about the concreteness of a stimulus word was assumed to be a useful approximation of that word's position on a hypothesized concrete-abstract continuum. I shall now argue that this is not necessarily the case. The standard deviation of a dataset is a measure of the average distance between all data points in that dataset and the mean value of all data points in the dataset. If every participant rates a word as a 1 (highly abstract), then that word's concreteness rating will have a standard deviation of 0. However, if half of the participants rated a word as a 1, but the other half rated the word as a 5 (highly concrete), that word would have a mean concreteness rating of 3 but a standard deviation of 2. In Likert scale norming tasks, the standard deviation of a set of ratings is therefore a blunt index of the extent to which participants agreed with each other about how a word should be rated.
If a dataset contains 25 numbers (in our case, 25 individual concreteness judgments), all of which are integers between 1 and 5, then there are a finite number of possible combinations of means and standard deviations for that dataset. Figure 1 below plots all of these possible combinations:
Note how, at the extreme ends of the x-axis, only a standard deviation of 0 is possible, because for a mean value to be 1 or 5, all 25 participants must have rated a word as 1 or 5, respectively. However, in the middle of the scale the disagreement that is theoretically possible increases, reaching a peak at mean value~3, standard deviation~2. Crucially, it is still theoretically possible for a data point to occur with a mean value located in the middle of the scale, but with a relatively low standard deviation. That is, it is still clearly theoretically possible for participants to more or less consistently agree that a word is of intermediate concreteness.
Now, consider Fig. 2 , which plots the actual mean concreteness value and the standard deviation of every noun in the Brysbaert et al. (2013) concreteness norm dataset (n = 14,592) over the top of the theoretically possible combinations depicted in Fig. 1 .
The pattern is striking. At the extreme concrete end of the scale, many items have high concreteness ratings and relatively low standard deviations, indicating that participants more or less agreed in their judgments about how to rate these words. At the extreme abstract end of the scale, there are likewise words with low concreteness ratings and relatively low standard deviations, although not to the same extent as at the extreme concrete end. However, in the middle of the scale there is an obvious rise in the standard deviation. Only a handful of words have a mean value near 3 and a standard deviation even slightly below 1. Indeed, a large class of words have a standard deviation well over 1, ranging from mean values of 1.5 to 4.5.
This indicates that for a great number of items, participants were not agreeing in their judgments of how concrete a stimulus word was. At mean values of 2 and 4 there are many cases of standard deviations above 1. Remember that ratings on this scale can only take integer values between 1 and 5. This means that for many of the words with a mean value of 2 or 4, some participants must have judged these words as belonging at the opposite end of the concreteness scale from the position where the mean value suggests the word belongs. This phenomenon is problematic for the assumption that concreteness should be treated as a continuous variable. This is because in a vast number of cases, participants' judgments tended not to be continuous; instead, they tended to be binary: Participants were using values of 1, 2, 4, and 5 in producing these concreteness norms, and avoided using 3. Furthermore, in many cases participants were judging a word as a 1 (totally abstract), whereas others were judging that same word as a 4 (somewhat concrete). Given these methodological issues, it might seem surprising that concreteness effects are so widely reported. If measurements for a large section of the hypothesized concreteness spectrum are actually procedural artifacts, it is then unclear what phenomenon it is that concreteness effects are actually indexing. One potential explanation is that generally, when investigating the effect of a variable, researchers try to choose stimuli that maximize a change in this variable, in order to generate the maximum possible effect. It is therefore possible that empirical concreteness research might not suffer too badly from the problem of binary disagreements concerning midscale items, because researchers will have aimed to pick stimuli from the extreme ends of the scale, and these polar items are less subject to disagreement.
However, if it turns out that many experimental stimuli do suffer from the disagreement phenomenon, this poses an explanatory problem concerning the evidence in favor of processing differences between abstract and concrete items. The typical finding is that there are processing advantages for concrete items relative to abstract items, and the typical explanation of this finding is that concrete and abstract items have different neurologically instantiated formats and/or structural relationships. If a significant number of the stimuli included in an abstract or concrete experimental condition actually come from the middle of the concreteness scale, then the typical claim that there are processing differences between concrete and abstract items is no longer supported by the data. This is because words from the middle of the scale must have high standard deviations. This means that only half of the participants who produced the concreteness measure for that word judged it to be abstract, and the other half judged it to be concrete. Therefore, there are no empirical grounds for calling these words Bconcrete^or Babstract^in the first place.
Stimuli in concreteness experiments: A case study of list memory paradigms
In this section I plot the stimuli featured in four list memory experimental studies against the entire Brysbaert et al. (2013) database. These studies are Allen and Hulme (2006) , Walker and Hulme (1999) , Romani et al. (2008) , and Miller and Roodenrys (2009) . We should note a few things. First, although the replication experiments that I report below feature noun stimuli, and most studies under discussion here also featured nouns, occasionally their stimulus sets featured other word classes alongside nouns. In the case of Allen and Hulme, many of the stimuli in the abstract condition were not nominal. Therefore, to display the maximum number of stimuli for all experiments, I have plotted the entire Brysbaert et al. (2013) database (n = 40,000) instead of just the nominal subsection of it. Not all of the stimuli featured in all experiments appeared in the Brysbaert et al. norms, and these stimuli have been omitted from the analysis. Second, the pattern of means and standard deviations is absolutely unchanged when we compare the entire Brysbaert et al. database with the noun subsection of it. Now, consider Fig. 3 . The stimuli featured in Romani et al. (2008) best exemplify the problem, although the intention here is not to single out Romani et al. or any of the other authors under discussion for criticism. The analysis I present here would have been almost impossible to carry out at the time that these experiments were conducted, given that the Brysbaert et al. concreteness database was only published in 2013. In brief, the problem is that the concrete words tend to have low standard deviations, whereas the abstract stimuli tend to have high standard deviations and to be drawn from the middle of the scale, rather than the unequivocally abstract part of the scale. This is potentially problematic for the validity of Romani et al.'s conclusions regarding concreteness effects, because many of the stimuli that made up their abstract stimuli were not unequivocally abstract. For the standard deviations of many of the Babstract^stimuli to be as high as they are-in many cases, well above 1-many participants must have been judging those words to be concrete during the Brysbaert et al. (2013) norming process. Some of the abstract stimuli have standard deviations approaching the theoretical maximum of 2, indicating maximum disagreement among participants about whether that word is concrete or abstract. To reiterate: Participants could only apply integer values in making their judgments. Therefore, even if a word has a mean concreteness rating of approximately 2, but also a standard deviation of the rating above 1, that means that some participants must have been crossing scale halves in making their judgments. Ultimately, it is not clear what comparison is actually being made here. The concrete stimulus lists were more or less unproblematically concrete. However, the abstract stimulus lists contained words drawn from nearly the entire length of the concreteness scale, and also tended to feature words that participants disagreed about how to rate. Figure 4 depicts the abstract and concrete stimuli featured in Allen and Hulme (2006) . Again, many Babstract^stimuli here have standard deviations well above 1, indicating that people disagreed about whether the words were abstract in the first place. The range of mean ratings of concreteness for the abstract condition is also clearly much higher than in the concrete condition. Once again, a relatively homogeneous group of concrete words has been compared to a heterogeneous group of words about which participants tended to disagree. Figure 5 plots the stimuli featured in Miller and Roodenrys (2009) . Again, there is a marked difference in standard deviations between the concrete and the abstract stimuli. Furthermore, the standard deviations of the abstract stimuli are so high (well above 1 in the majority of cases) that the mean value does not reflect the judgments that participants were actually making.
Finally, consider Fig. 6 , which depicts the stimuli featured in Walker and Hulme (1999) . The midscale criticism applies least to this set of stimuli, although it is still clearly the case that the concrete stimuli tended to have lower standard deviations than the abstract stimuli. The reasons for this have already been expounded. The upshot is that a skeptic could reasonably argue that these experiments do not actually provide evidence for concreteness effects. The reason is that the comparison being made was meant to be between concrete and abstract items, but the comparison that was actually made was between concrete items, on the one hand, and a group of stimuli about which participants disagree, on the other. It could be the case that words that engender disagreement are those that are hard to remember, and that this explains processing differences that have previously been attributed to concreteness/abstractness. The experiments that I report below were designed to test this possibility.
Before moving on to a report of these replication attempts, I wish to point out that list memory paradigms are not a special case when it comes to the properties of Babstract^stimuli. Table 1 presents a number of experimental concreteness studies from a wide variety of paradigms, as well as a summary of the concreteness values and standard deviations of the stimuli featured in their experiments. The abstract-midscale stimulus pattern applies to every single experiment.
Once again, I stress that none of the analysis presented here is intended as a specific criticism of any of these studies. These studies were chosen simply because they reflect a range of experimental paradigms (lexical decision, recall, semantic judgment, word association, and picture-word matching), data types (behavioral, fMRI, electroencephalography [EEG]), and include both neurotypical and patient populations. They also, laudably, included their stimulus sets in their experimental reports, although it is important to note that for Sabsevitz et al. (2005) and Lee and Federmeier (2008) only samples of the stimuli were available. For every study but one listed in Table 1 , the mean standard deviation of the stimuli in the concrete condition was below 1, whereas the mean standard deviation of the stimuli in the abstract condition was above 1. The only exception is Huang, Lee, and Federmeier (2010) , in which the standard deviations for both stimulus sets were relatively high. Looking at the distributions displayed above in Figs. 2, 3, 4, 5 and 6, it is clear that the only way these statistics could be obtained is if the midscale disagreement problem applied to all of the abstract stimulus sets of the experiments depicted in the table. I now turn to a report of three new list memory replication experiments in which I attempted to control for the problems that I have outlined so far.
Experiment 1
The purpose of this experiment was to replicate an experiment reported in Romani et al. (2008) while controlling for the potentially problematic confound between the mean value of a concreteness rating and the standard deviation of that rating. Romani et al. presented participants with lists of words and asked them to recall words from that list immediately after the presentation of the last word of the list. Romani et al. reported that participants were better at recalling lists of words that consisted entirely of concrete words than at recalling lists that consisted entirely of abstract words. Experiment 1 here investigated the reliability of this concreteness effect when the standard deviations of the concreteness value of the words across lists was controlled, while also directly manipulating words' standard deviation in order to ascertain whether the standard deviation itself has a significant effect on task performance. Figure 7 plots the mean concreteness values and standard deviations of concreteness of the concrete and abstract stimuli used in the present experiment in the same way that the stimuli used in previous experiments were plotted in the previous section.
We can see that the contrast in concreteness between conditions is maximized and that the difference in the standard deviations of concreteness ratings is controlled. Of interest is whether the concreteness effect would still occurs when these new controls were enforced. The specific Romani et al. (2008) experiment replicated here is Experiment 3 B, which is a free-recall task in which participants simply try to recall any word from the list that they can, regardless of order. Romani et al. reported that concreteness effects are stronger in free-recall than in serial-recall tasks, so a free-recall task provides the most robust test of the concreteness effect. An additional two experimental conditions were added: agreement and disagreement conditions. Words in the agreement condition were taken from the middle of the scale and had relatively low standard deviations, and words in the disagreement condition were taken from the middle of the scale and had relatively high standard deviations. Summary psycholinguistic statistics for all conditions are given in the Materials section below. Three comparisons were of interest: concrete versus abstract, concrete versus disagreement, and concrete versus agreement. In this way, the importance of the midscale problem outlined in the section above can be assessed.
Method
Participants Originally, 60 native speakers of English with no reported neurological disorders were recruited from the University College London SONA psychology pool. Of these, 50 completed the experiment (the other ten either did not turn up or canceled their session). All participants were either awarded course credit or paid £6 for their time.
Materials Forty lists, each containing eight words, were generated. There were four experimental conditions, each of which comprised ten lists. The stimuli were controlled for the following psycholinguistic variables: standard deviation of concreteness, frequency, age of acquisition, number of phonemes, number of letters, and number of syllables. Table 2 contains the mean values (with standard deviations in parentheses) of each of these variables for each condition.
Psycholinguistic variable information was gathered from Brysbaert et al. (2013) , Kuperman, Stadthagen-Gonzalez, and Brysbaert (2012) , and the English Lexicon Project (Balota et al., 2007) . The stimulus sets were created using MATCH (van Casteren & Davis, 2007) . The four conditions were concrete, abstract, agreement, and disagreement. Concrete lists contained words that had mean values between 4 and 5 on the Brysbaert et al. (2013) concreteness scale. Abstract lists contained words that had mean values between 1 and 2 on the Brysbaert (2013) concreteness scale. The agreement and disagreement lists contained words that had mean values between 2.5 and 3.5 on the Brysbaert et al. (2013) concreteness scale. The concrete, abstract, and agreement lists were constructed such that the standard deviations of the concreteness ratings of the words in those lists were similar, whereas the disagreement condition was formed exclusively of stimuli with high standard deviations. Table 3 contains a sample list from each condition, and full lists of the stimuli featured in all experiments reported in this study are included in the Appendix.
Procedure The experimenter read all of the words from a list one after the other. There was a 2-s pause between consecutive words being read out. The order of the lists and the order of the words within each list were randomized for each participant. After the experimenter had finished reading out a list, the participant spoke out loud any and all words that he or she could remember from that list. The experimenter recorded every word that the participant spoke. Because this was a free-recall task, the order in which the participants recalled the words did not matter. Participants were not penalized for making errors or substitutions, or for saying a word that had not actually been in the list. The experiment lasted approximately 35 min. Table 4 summarizes the mean numbers of words remembered (and standard deviations) by condition. The results were analyzed with a mixed-effects model in R using the lme4 package (Bates, Mächler, Bolker, & Walker, 2015) . The lmertest package was used in order to obtain pvalues for the comparisons of interest via Satterthwaite approximation (Kuznetsova, Brockhoff, & Christensen, 2015) . The mixed-effects model examined the fixed effect of experimental condition on the number of words remembered per trial, with subjects and items being treated as random effects with varying intercepts.
Results
The statistical contrasts were the abstract, disagreement, and agreement conditions versus the concrete condition. That is, a treatment contrast with the concrete condition representing the baseline condition. Table 5 displays the results of this analysis.
Because three nonindependent hypothesis tests were run on the same data, a Bonferroni correction was applied. Assuming a conventional alpha level of .05, the corrected alpha level was therefore .05/3 = .017. The concrete-abstract contrast was not statistically significant (p = .13). Therefore, there was no evidence for an advantage for concrete over abstract word lists, contrary to the findings of Romani et al. (2008) , Walker and Hulme (1999) , Allen and Hulme (2006) , and Miller and Roodenrys (2009) . None of the other contrasts were statistically significant, either, at the Bonferroni-corrected alpha level (concrete vs. agreement, p = .08; concrete vs. disagreement, p = .02). There was therefore no evidence words from the middle of the concreteness scale are simply harder to remember than words from the extreme concrete end of the scale, and there was no evidence that words with high standard deviations in rating are harder to remember than words from the extreme concrete end of the scale. However, a reviewer raised the important point that Experiment 1 suffered from a lack of power, because there were only ten items per condition. This could be the reason that no statistically significant results were obtained.
To account for this possibility, the data were reanalyzed using a Bayesian model comparison analysis in the BayesFactor package for R (Morey, Rouder, & Jamil, 2015) with the default settings and priors. If the results of the frequentist analysis presented in the preceding paragraphs were due to low power, then the Bayes factors produced by this analysis are likely to be between 1/3 and 3, which would indicate that the data do not decide the issue either way. Kruschke (2011, p. 310) argued that the Bayes factor generated from a model comparison analysis of an experimental design with multiple conditions may be misleading for various reasons. Therefore, the total results dataset of Experiment 1 was partitioned into three smaller datasets that reflected the pairwise comparisons of interest between the conditions: one concrete-abstract comparison, one concrete-agree comparison, and one concrete-disagree comparison. In every case, a model including a parameter for the fixed effect of condition was compared to a null model that featured only subjects and items as random effects. The resulting Bayes factors for each comparison were concrete versus abstract, 0.32; concrete versus agree, 0.38; concrete versus disagree, 0.66. For the concrete-abstract comparison, there is marginal evidence in favor of a null effect (BF = 0.32). For the other two comparisons, the Bayes factor indicates that the data do not decide between the null or alternative models. Taken together with the frequentist analysis presented previously (all p values above the threshold for statistical significance), these results suggest no difference in recall between the concrete and abstract conditions. However, the evidence for a null difference in the other comparisons is inconclusive.
Before moving on to the second replication experiment, it is important to note a shortcoming of Experiment 1 that may have affected the results. The standard deviations of the concreteness ratings of both the concrete and abstract stimuli were relatively high: above 1, in many cases. It could be that, given the concerns raised in previous sections, neither condition provided an accurate sample from the truly concrete or abstract sections of the scale. In the second experiment that I will report, the standard deviations of the conditions were more tightly constrained so that in the concrete and abstract conditions, all standard deviations were below 1. 
Experiment 2
Paivio, Walsh, and Bons (1994) presented participants with lists consisting of both concrete and abstract word pairs and reported that concrete word pairs were recalled better than abstract word pairs. This effect has been obtained in many paired-associate learning experiments (Begg, 1972; Nelson & Schreiber, 1992; Paivio, Khan, & Begg, 2000; Paivio et al., 1994) . Paivio et al. employed a range of different manipulations across two experiments. In this replication I focused on the simplest version of this paradigm, which is a free-recall task, in order to make the results maximally comparable to those of Experiment 1 above. The aim of the present experiment was to test whether a concreteness effect still occurs if the contrast between concrete and abstract stimuli is maximized and the standard deviations of their concreteness scores are controlled. In addition to the concrete and abstract conditions featured in the paired-associate learning studies mentioned in this section, the present experiment also included a midscale condition to provide a second test of the hypothesis that high-standard-deviation midscale words are harder to remember than words from the concrete end of the concreteness scale.
Method
Participants Sixty native speakers of English with no reported neurological disorders were recruited from the Prolific Academic website. All participants were paid £6 for their time.
Materials Figure 8 depicts the means and standard deviations of the concreteness ratings for the concrete and abstract stimuli in Experiment 2. Table 6 displays the psycholinguistic characteristics of the stimuli featured in the experiment, by condition.
In Experiment 2 the additional control variable of mean bigram frequency was introduced, because participants would be reading and writing words as opposed to hearing and speaking them. There were eight pairs of words in each condition, and therefore each condition included 16 words, for a total of 24 critical item pairs overall.
Procedure Participants undertook the experiment online via a Qualtrics survey distributed over the Prolific Academic service. Participants were presented with pairs of words, one after the other. Following Marschark and Hunt (1989) and Paivio et al. (1994) , each pair of words was presented on the participant's computer screen for 8 s. Eight pairs were presented in each of the three conditions, and all pairs were presented in a randomized nonblocked order for each participant. The ordering of the words in each pair from left to right on the computer screen was not randomized. At the beginning and end of the list, three pairs of filler items were included in order to soak up primacy and recency effects. Participants also received a short practice trial with words not included in the main experiment, to ensure that they understood the task and that their computers and Internet connections were working properly. Once the list of pairs was finished, participants could type out any and all words that they remembered from the list. Once they were finished, they pressed a BSubmit^button that ended the experiment. There were three experimental conditions: A word pair could consist of concrete, abstract, or midscale Bdisagreement^items. The experiment lasted approximately 15 min. Results Table 7 displays the mean numbers of words remembered across conditions in Experiment 2. The numbers of words recalled out of 16 were low, but the variability across participants was large, as indicated by the relatively high standard deviations of the mean numbers of words recalled. This suggests floor effects for some participants. Second, the mean number of words in the abstract condition was numerically larger than that in the concrete condition (3 < 3.43), so already we have failed to find evidence in favor of a concrete stimulus advantage in paired-associate learning. Finally, the difference between the means of the concrete and disagree conditions was miniscule (3 vs. 3.05, respectively).
The data were analyzed using a generalized linear mixed model fit by maximum likelihood (Laplace approximation) using the glmer function from the lme4 package in R. The dependent variable in this analysis was therefore the likelihood of a participant recalling any word.
1 Subjects and items were included as random effects with varying intercepts, and the fixed effect of condition was the effect of interest. Both abstract and disagree conditions were compared to the concrete condition. The results of this analysis are presented in Table 8 .
Experiment 2 generated no statistically significant effects: p = .2 for the concrete-abstract contrast, and p = .88 for the concrete-disagree contrast. This pattern of results is the same as that found in Experiment 1: Under conditions that should have made a concreteness effect stronger, such an effect was not obtained. However, ultimately we should be cautious in drawing any conclusions from the results of Experiment 2, because floor effects may have obscured any differences between conditions.
Interim summary
Experiments 1 and 2 did not produce a concreteness effect. This is worrying, given the concerns about the typically high standard deviations of abstract stimuli outlined above. If we increased a difference between conditions on some linear measure, we would not expect experimental effects based on this measure to disappear. However, Kousta, Vinson, and Vigliocco (2009) showed that words with a high emotional valence (whether positive or negative) enjoy a processing advantage over words with neutral emotional valance.
2 Abstract words tend to be rated higher for emotional valance than concrete words, and this variable was not controlled in Experiment 1 or 2. Thus, it could be that a confound in the stimuli used in Experiments 1 and 2 obscured any concreteness effect. Warriner et al.'s (2013) emotional valance norms for~14,000 English words would allow us to check this possibility. Emotional valance is rated on a scale of 1 (highly negative) to 9 (highly positive), with a score of 5 indicating an emotionally neutral word. Given that either emotional positivity or negativity results in a processing advantage, the absolute value of 5 minus the emotional valance of a word provides a simple linear measure of emotional valance that ignores polarity (0 = totally neutral, 4 = highly emotionally valenced). Table 9 presents the mean absolute emotional valences of the stimuli featured in Experiments 1 and 2.
The words in the concrete and midscale conditions were indeed less emotionally valenced than those in the abstract conditions in both experiments, so this might explain the null results obtained from Experiments 1 and 2.
Another potential issue is that the words featured in Experiments 1 and 2 were of relatively low frequency (between 3 and 4 on the Zipf scale), so it could be that participants did not know all of the words.
3 This could have obscured any effect of manipulating concreteness. Brysbaert et al. (2013) provided a measure of how many of their participants reported that they knew a word. Table 10 below displays the mean percentages of participants who reported knowing a word for each condition in Experiments 1 and 2.
1 A reviewer noted that analyzing the data in this way meant that this experiment was arguably no longer a paired-associate learning task, presumably because it did not account for the paired relationship between the words. In their free-recall analyses, Paivio et al. (1994) calculated the proportions of words remembered and conduct by-subjects and by-items ANOVAs on these proportions. These analyses also ignored word pair relationships and produced concreteness effects, so I think we would still expect the analysis presented here to produce a concreteness effect.
2 My thanks to an anonymous reviewer for bringing this to my attention. 3 Again, my thanks to an anonymous reviewer for pointing this out. These percentages are high, so it is likely that the number of participants in Experiments 1 and 2 who did not know a word was very low. However, it would obviously be preferable if only words with known percentages of 100% were used. Unfortunately, for reasons detailed in the General Discussion below, enforcing this control raised new problems. I now report an additional list memory experiment that controlled for emotional valence, in order to provide a better test of the robustness of the concreteness effect.
Experiment 3
Experiment 3 was a free-recall list memory experiment in the vein of Experiment 1. There were three changes to the paradigm. First, six-word lists were used instead of eight-word lists. This change was made so that more trials per condition (15 in Exp. 3 vs. 10 in Exp. 1) could be fitted into roughly the same amount of time. Romani et al. (2008) and Miller and Roodenrys (2009) both reported concreteness effects with sixword lists. Second, the words were presented visually, and participants wrote out the words at the end of a list instead of speaking them out loud. This change was made because to maximize efficiency, the experiment was run over the Internet using the Gorilla.sc platform. Finally, only three conditions were included: concrete, abstract, and midscale words with high standard deviations.
Method
Participants A total of 70 participants were recruited from the Prolific Academic website. Of these, 62 completed the experiment. The other eight did not respond to every trial, and so were excluded. The experiment was delivered via Gorilla.sc and lasted approximately 35 min. Participants were paid £5 for their time.
Materials The stimuli were controlled for the following psycholinguistic variables: standard deviation of the concreteness rating, frequency, age of acquisition, number of syllables, number of letters, mean bigram frequency, and emotional valence. Table 11 contains the mean values (with standard deviations in parentheses) of each of these variables for each condition, as well as the mean percentages of people in the Brysbaert et al. (2013) norms who reported knowing the words in each condition.
There were three experimental conditions: concrete, abstract, and midscale. There were 15 six-word lists in each condition.
Procedure Participants were presented with words in sequence one at a time in the center of their computer screens. As in Romani et al.'s (2008) visual paradigms, each word remained on the screen for 3 s. After each list had been presented, participants typed out any and all words that they could remember. They were told that the order of the words did not matter and not to worry about spelling. Participants received two practice trials in order to ensure that they understood how to complete the experiment. The orders of the lists and of the words within each list were randomized for each participant. Table 12 summarizes the mean numbers of words remembered (and standard deviations) by condition.
Results
The results from Experiment 3 were analyzed in the same way as the results from Experiment 1. Both frequentist and Bayesian analyses are presented. Table 13 displays the results of a mixed-effects linear model with a fixed effect of condition and random intercepts for subjects and items. After controlling for the effects of emotional valence, these results are much more encouraging for the status of concreteness as a useful psycholinguistic variable. The concrete-abstract comparison is statistically significant at p = .003, and the difference is in the direction we would expect. The contrast between the concrete and midscale conditions was not statistically significant (p = .08). Because this experiment still featured a relatively small number of items, a Bayesian model comparison analysis was deployed in an attempt to offset a potential lack of power. Again, the default settings and priors of the BayesFactor package were used. As in Experiment 1, the results from Experiment 3 were split into subsets so that the abstract and midscale conditions would be compared to the concrete condition individually. The resulting Bayes factors for each comparison were concrete versus abstract, 5.85; concrete versus midscale, 0.47. For the concrete-abstract comparison, the Bayesian analysis is comparable to the frequentist analysis: A model containing an effect of condition is 5.85 times more likely given the data than a model without this effect, which is quite strong evidence in favor of a concreteness effect. However, the concrete-midscale analysis was inconclusive. One thing to note is that Experiment 3 featured words with similar rates of knowledge to those in Experiments 1 and 2. Experiment 3 produced a concreteness effect, so this might partially allay concerns that Experiments 1 and 2 produced null results because participants did not know the words used. I now turn to a general discussion of these results in light of the issues discussed in the introductory section on concreteness norms, as well as a consideration of other psycholinguistic variables (imageability, modality exclusivity norms, and emotional valence).
General discussion
The first two experiments did not produce a concreteness effect, but these experiments featured a confound: The abstract stimuli had higher emotion ratings than the concrete stimuli. Experiment 3 controlled for emotional valence, and the typical concreteness effect reemerged. This highlights the importance of controlling for emotional valence in list memory paradigms. There were no statistically significant differences between the concrete conditions and the midscale conditions in any experiment. This demonstrates that researchers who are interested in the concreteness effect should maximize the contrast between concrete and abstract stimuli and keep the standard deviations of their stimuli low (below 1) in order to maximize their chances of detecting an effect.
It might seem curious that, given that other list memory studies have revealed concreteness effects when comparing mostly concrete stimuli with mostly high-standard-deviation midscale stimuli, no such effect was obtained in any of the experiments reported here. As I argued when discussing the Brysbaert et al. (2013) norms, the middle of the concreteness scale is marked by a high degree of variability that is difficult to interpret. One of the aims of this article was to test the possibility that words that people agree about how to rate are easier to remember than words that people disagree about how to rate. The three experiments reported here do not provide evidence either way on this point: p values above .05 (corrected) and Bayes factors between 1/3 and 3 for the concrete-midscale comparisons indicate evidence for neither the null nor the alternative hypothesis. The most likely reason for this is a lack of power: The experiments presented here did not feature many stimuli per condition. However, as I will discuss below, this problem is harder to address than might first appear. Furthermore, the abstract conditions in the experiments of Romani et al. (2008) , Walker and Hulme (1999) , Miller and Roodenrys (2009) , and Allen and Hulme (2006) were not entirely made up of midscale stimuli. So if there is a concreteness effect in list memory experiments, the abstract-concrete comparisons in these previous experiments would be more likely to detect it than were the concrete-midscale comparisons reported here. This issue aside, in light of my arguments regarding Brysbaert et al. (2013) , we should probably avoid using midscale words on purely theoretical grounds: It is unclear what an individual concreteness rating is even measuring when it has a high standard deviation. A reviewer raised the point that abstract words tend to have more variable meanings than concrete words, so more variability in their ratings might be expected. This may be true, but I think it somewhat misses the point. If there is any point in using the concreteness measure (or the other measures I discuss below), we have to take our participants' ratings seriously. If a word in the middle of the scale has a standard deviation above 1, that means a significant number of participants judged it to be concrete. Thus, there isn't a basis for putting that word in the Babstract^cate-gory: It does not make sense to pay attention to only half of the participants' judgments. There is another potential issue, even if we make sure to restrict our Babstract^stimuli to mean ratings of 2 or below. Typically, concreteness research has focused on nouns rather than adjectives or verbs. Even starting with a set of 40,000 words, the number of nouns in the Brysbaert et al. (2013) norms that (1) have a mean rating of 2 or below (i.e., are highly abstract), (2) have a standard deviation of 1 or below, and (3) were known by 100% of the norming population is only 275. Of these, a small but nontrivial number are either idiomatic fragments (Bamuck^) or morphologically complex rarities (Bpurposefulness^) that we might be reluctant to include in stimulus lists. In contrast, 2,888 well-known nouns have mean ratings of 4 or above and standard deviations below 1.
I think this fact should also motivate caution concerning the utility of the concreteness measure. Ultimately, the measure is supposed to tap into a fundamental, neuropsychologically real distinction between different kinds of concepts. It is worrying that the rating is only interpretable for a small number of nominal Bconcepts^at the abstract pole. However, it is still the case that Experiment 3 produced a concreteness effect. At the very least, we can say that there is some evidence that samples of these Btruly^abstract words tend to be harder to remember than highly concrete words.
I turn now to a discussion of other semantic psycholinguistic variables. The midscale variability problem applies to other variables that measure sensorimotor experience. This is not surprising, because these variables are derived in much the same way as concreteness (by taking the mean value of a set of individual judgments about the depth of sensorimotor experience). This is especially significant because it shows that nothing about the Brysbaert et al. (2013) concreteness norms is deficient. Instead, the problems I have identified here are general to a whole class of psycholinguistic measures. Figure 9 presents a mean-standard deviation plot of the imageability ratings of 6,000 words, amalgamated from two databases (Cortese & Fugett, 2004; Schock et al., 2012) . Imageability is a measure of how easy it is to generate a mental image of the referent of a word, and this variable is so highly correlated with concreteness that the two have often been used interchangeably in the literature.
The distribution is identical to that of the concreteness measure. A similar pattern emerges for Lynott and Connell's (2012) modality exclusivity norm (MEN). MEN essentially measures the same thing as concreteness, but it provides more information because it features ratings for all five primary sensory modalities (sight, sound, touch, taste, and smell). A low rating indicates that the referent of a word offers little experience in a given modality; a high rating indicates that a referent offers a lot of experience. Each word is rated on all five modalities. This results in a five-element vector from which various measures can be derived (mean sensory experience, maximum sensory experience, Euclidean distance from origin, etc.). Figure 10 displays mean-standard deviation plots of all 400 words in the MEN for the five sensory modalities.
What is striking here is that even with just 400 words, the familiar shape of the distribution is clearly apparent. I do not Fig. 9 Means and standard deviations of imageability ratings for 6,000 words (Cortese & Fugett, 2004; Schock et al., 2012) think that we can ignore the fact that all of these datasets have the same problematic distribution. This is likely to be a result of the question that we ask participants when we generate these measures. When we present depth of sensorimotor experience as a scale, we are implicitly committing to the idea that is possible for an entity to be Bhalf-real,^or Bhalf in space-time,^or Bhalf-seeable.^The distributions of these semantic variables tell us that participants tend to reject this idea: They do not use midscale values. One solution might be to specify explicitly what we want the middle of these scales to represent, and to provide examples of midscale words for participants so that they have something to anchor their judgments to. Whether something along these lines would usefully decrease variability in the middle of the scale is an open question, but a potential issue here is that it is very difficult (for me) to think of a construct that could serve as a midscale anchor between Bconcreteness^and Babstractness.^More worryingly, given that there are relatively few words in the abstract half of the scale with low standard deviations, it could be that the concrete-abstract dichotomy is just not well formed.
Finally, I want to briefly discuss the distribution of emotional valence ratings. Emotional valence is different from the sensorimotor variables discussed above, in that it measures a completely separate dimension of experience. The standard deviation of an emotional valence rating also takes on a special importance because of how the scale is constructed. Figure 11 presents the means and standard deviations of the emotional valence scores from Warriner et al. (2013) (n = 13,900). Warriner et al. presented this plot and touched on this issue, but they did not raise exactly the same point as the one I want to focus on here.
Recall that a score of 1 indicates extremely negative emotional valence, 5 indicates neutrality, and 9 indicates extremely Fig. 11 , it should be possible to select unequivocally negative, neutral, and positive words for use in experiments: There are some words at mean ratings of 1, 5, and 9 with low standard deviations. This is obviously a good thing.
However, because the middle of this scale is a neutral point between two extremes, words with high standard deviations are especially problematic. This is because a 5 is supposed to indicate emotional neutrality. But if a word has a mean of 4-6 but a standard deviation of 2 or more, that means that on average, participants actually associate moderate to large emotional responses with that word. Some participants associate positive emotions with the word, but others associate negative emotions with it. Quite a few words look neutral, but in fact are not. A few examples are:
Cell: Mean = 4.09, SD = 2.69 Sushi: Mean = 6.25, SD = 2.77 Gym: Mean = 5.84, SD = 2.52
Similarly, if a word has a mean emotional valence of, say, 3, but a standard deviation above 1.5, that means that some people report a very strong negative response to that word, whereas some people report little or no emotional response at all. So if a researcher is interested in comparing responses to neutral words with responses to emotionally valenced words, they should definitely avoid words with high standard deviations for emotional valence, because they will add a significant amount of noise to the experimental design. One positive thing to note is that for the emotional valence measure, a high standard deviation is potentially problematic but is still interpretable. It makes sense that different people will associate different emotions with certain words. It also makes sense to think of our emotional responses as graded. I think this is a key difference between the sensorimotor experience variables and the emotional valence measure.
Conclusion
I have argued that there is a problem with the statistical characteristics of various semantic psycholinguistic variables (focusing in particular on the concreteness variable). In a great number of cases, mean values do not reflect the judgments that actual participants made about a word. Furthermore, mean values in the middle of these scales are difficult to interpret because it is not clear what property they indicate. Unfortunately, it appears that in many experiments reported throughout the literature on concreteness effects, many of the stimuli in the abstract conditions are not actually abstract. Instead, they are precisely those stimuli for which the mean concreteness value is a bad indicator of what participants' choices were. In two of the new list memory experiments reported here, no concreteness effect was obtained when the contrast in concreteness between conditions was maximized. However, when emotional valence was controlled, a concreteness effect was obtained in Experiment 3.
The concreteness effect obtained in Experiment 3 is encouraging, because it allays some of the concerns outlined above. However, there are still a number of reasons to be cautious about concreteness and other related semantic variables. First, the status of words with high standard deviations is entirely unclear. These high standard deviations for midscale words might arise at least partially because it is unintuitive to treat sensorimotor experience as a graded property. Second, only a very small number of Babstract^nouns have low standard deviations. This calls into question the utility of the concreteness-abstractness dichotomy as it is currently operationalized. Also, researchers who want to use nominal stimuli or control for word class have very little choice if they want to keep the standard deviations of their stimuli low. For the emotional valence measure, I think the picture is somewhat better. High standard deviations provide meaningful information, although it is perhaps even more important to keep standard deviations low when making comparisons between different areas of the scale.
The good news is that the use of new large-scale psycholinguistic databases such as the Brysbaert et al. (2013) concreteness norms and Warriner et al.'s (2013) emotional valence norms rather than relatively small, older databases (Coltheart, 1981) can allow researchers to sidestep the problems I raise completely. This is because the sheer size of these datasets allows for the selection of suitable stimuli.
Author note I thank Robyn Carston and Sebastian Crutch for their invaluable support in the preparation of the manuscript, and Matthew Jones for advice about R packages. I also thank three reviewers for advice and constructive criticism. All mistakes are entirely my own. This work was supported by the Economic and Social Research Council (grant number ES/J500185/1). 34  midscale  zone  shallows  pinnacle  wavelength  grief  degree  35  midscale  envoy  character  fallout  clue  vacancy  tone  36  midscale  circulation  drunkenness  midsummer  doctorate  goal  hoax  37  midscale  cutthroat  rift  corporation  lawsuit  translation  sweetness  38  midscale  announcement  activist  process  slack  formation  whiplash  39  midscale  chronicle  monologue  overlap  motherhood  virus  penalty  40  midscale  exhaustion  delegate  magic  rebuttal  crackpot  diversion  41  midscale  entirety  ugliness  factor  ancestry  confidant  purgatory  42  midscale  engagement  accident  insomnia  regulator  utility  egghead  43  midscale  repellent  takeover  provision  dioxide  offence  thinker  44  midscale  equivalent  oracle  ignition 
